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A NEW 0 NY AC ID OF NITROGEN. 

A LTHOUGII rapid strides have been made recently in the 
ft chemistry of nitrogen and its inorganic derivatives, since 
the discovery of hyponitrous acid by Dr. Divers in 1871, no 
new oxyacid of nitrogen has been described. Tn the current 
number of the Gazselta Chimica Italiana (July 31), there is an 
account by Dr. A. Angeli of the preparation and properties of 
the sodium and barium salts of a new acid, H 2 N 2 0 ;i , which fills 
the gap between hyponitrous and nitrous acids. The method of 
obtaining this acid is simple and elegant. An alcoholic solution 
of free hydroxylamine is prepared in the usual manner from 
hydroxylamine hydrochloride and sodium ethylate, an excess of 
the latter being taken, and to the solution after filtering off the 
precipitated salt is cautiously added the theoretical quantity of 
ethyl nitrate. The reaction proceeds according to the equation 
GjH 5 . 0 N 0 2 + NH,OIT = C 2 H,.OH + H 2 N 2 O s , the white 
sodium salt of the new acid commencing to separate out at once. 
From this salt, which on analysis proved to be Na,N 2 0 3 , the 
barium salt is readily obtained in a pure state by adding barium 
chloride to the dilute aqueous solution. These salts are both 
moderately stable in the dry state, but are easily decomposed, on 
boiling the aqueous solution, into the hydrate of the metal and 
nitric oxide. The same gas is given off quantitatively on acid¬ 
ifying the aqueous solution, and hence all attempts to isolate the 
free acid have failed. As regards the composition of this acid, 
from its mode of formation, the formula {NO.jN'ff.Oil, or 
nitro-hydroxylamine, naturally follows; anil this is to some 
extent confirmed by the fact that the yellow silver salt, moment¬ 
arily obtainable from the aqueous solution, is reduced in a few 
seconds to metallic silver, and Fehling’s solution is also readily 
reduced. The existence of an acid of this composition has already 
been indicated by Dr. A. Thum, who showed that hydroxyl¬ 
amine salts when oxidised by potassium per¬ 
manganate in hot alkaline solution take up 
exactly as much oxygen as corresponds to the 
formation of No.,X.the formula of which 
.N.ONa 

might be O f | . This salt, not yet 

'NN.ONa 

isolated, is clearly isomeric with the sodium 
salt above described, since it suffers no further 
oxidation on boiling with excess of potassium 
permanganate. It would also yield only one 
ethyl derivative, whilst nitro-hydroxylamine 
might be expected to give the isomers 
(N 0 2 ).NEt.(OII) and (NO,).NH.OEt, which 
would be readily distinguishable, and this 
point is being followed up by Dr. Angeli. 

He has also applied the same reaction to 
amyl nitrite and to nitrobenzene (Beric/ite, 

July 27). The amyl nitrile formed a sodium 
salt, the aqueous solution of which gave a 
yellow silver salt resembling silver hyponitrite. Nitrobenzene 
gave a substance which is probably CgHg. NO : N(()H), identical 
with the nitroso-phenylhydroxylamme, C 6 H 5 .N(NO).OII of 
Bamberger, The further development of this work, which may¬ 
be expected to throw light on the constitution of Traube’s iso- 
nitramine derivatives, Frankland’s dinitroethylic acid, and of 
Pelouze’s salt, will be looked for'with much interest. 

G. N. TI. 


Prof. Ramsay further informed me that the gas was only very 
slightly soluble in water ; 100 ccm. of water dissolving scarcely 
0*7 ccm. of helium. 

From the results of my earlier experiments I had been led to 
expect that it would be only possible to liquefy helium at a very 
low temperature ; the small values obtained for the density and 
solubility of the gas, together with the fact that its molecule is 
monatomic, indicating a very low boiling-point. For this 
reason I did not consider it necessary to use liquid ethylene as 
a preliminary cooling agent, but proceeded directly to conduct 
my experiments at the lowest temperature that could be produced 
by means of liquid air. The apparatus employed in these in¬ 
vestigations is figured in the accompanying diagram. 

The helium was contained in the glass tube, c, of the Cailletet’s 
apparatus, c. The tube, c, reached to the bottom of a glass 
vessel, a, which was intended to contain the liquid air. The 
vessel, a, was surrounded by three glass cylinders, b, />', and b", 
closed at the bottom and separated from one another. The 
outer vessel, b' ! , was made just large enough to fit into the brass 
collar, o, which supported the lid, u, of the apparatus. The 
tube, a, fitted into an opening in the centre of the lid ; the tube, 
/, connected with an apparatus delivering liquid oxygen, passed 
through a hole on the right. The vessel, b , was also connected 
with a mercury manometer and air-pump by means of a T- 
tube, p, v, one arm of which passed through the third hole in 
the lid of the apparatus. The tube, a , was closed by a stopper, 
through which passed the tube, c. of the Cailletet’s apparatus, 
a tube connected with the drying apparatus, u, u', and one 
limb of a T-tube, by means of which the manometer and air- 
pump could be put in connection with the interior of the vessel. 
The lower part of the whole apparatus was enclosed in a thick- 
walled vessel, e, containing a layer of phosphorus pentoxide. 

By turning the valve, k, the vessel, b, could be partially filled 



A RESEARCH ON THE LIQUEFACTION OF 
HELIU MI 

]WTV experiments on the liquefaction of helium were carried 
* out with a sample of that gas, sent to me by Prof. Ramsay 
from London, in a sealed glass tube holding about 140 ccm. I 
take this opportunity of rendering him my most sincere thanks. 
In his letter Prof Ramsay informed me that the gas had been 
obtained from the mineral clevite, and that, it was quite free 
from nitrogen and other impurities, which could be removed by 
circulation’ over red-hot magnesium, oxide of copper, soda- 
lime, and pentoxide of phosphorus. The density of the gas 
was 2-133 an d the ratio of its specific heats (Cp/Cz’) 1 '652; the 
latter figure indicating that the molecule of helium was mon¬ 
atomic, as had already been found to be the case with argon. 

1 Translated from the original paper, by Prof. K. Olszewski, in the Bulletin 
de l’Academic ties Sciences de Cracmtie for June 1896, *“Lin Versuch, das 

Helium zu verfliinigen,” by Morris Travers. 


with liquid oxygen, which, under a pressure of 10 mm. of 
mercury, boiled at about - 210 0 C. Almost immediately the 
gaseous air began to condense and collect in the tube, a ; a supply 
of fresh air was constantly maintained through the drying tubes, 
u and it', which were filled with sulphuric acid and soda-lime 
respectively. When the quantity of liquid air ceased to in¬ 
crease, the tap on the U-tube, «, was closed, the T-tube, p' v\ 
was connected with the manometer and air-pump, and the 
liquid air was made to boil under a pressure of 10 mm. of 
mercury. In order to protect the liquid air from its warmer 
surroundings, a very thin, double wall tube, f, reaching to the 
level of the liquid in the outer vessel, was placed inside the 
tube ir. When, as in some of my experiments, liquid oxygen 
was used in the inner vessel, this part of the apparatus was 
dispensed with. 

Using the apparatus I have just described, I carried out two 
series of experiments, in which liquid air and liquid oxygen were 
employed as cooling agents. The tube of the Cailletet’s ap¬ 
paratus was thoroughly exhausted by means of a mercury pump, 
and then carefully filled with dry helium. In the first series of 
experiments the helium, confined under a pressure of 125 
atmospheres, was cooled to the tempera! ure of oxygen boiling, 
first under atmospheric pressure ( — i 82°‘5), and then under a 
pressure of 10 mm. of mercury (- 210 °). The helium did not 
condense under these conditions, and even when, as in sub¬ 
sequent experiments, I expanded the gas till the pressure fell 
to twenty atmospheres, and in some cases to one atmosphere, I 
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could not detect the slightest indication that liquefaction had 
taken place. The first time that I compressed the gas I had, 
indeed, noticed that a small quantity of a white substance 
separated out and remained at the bottom of the tube when the 
pressure was released. Possibly this may have been due to the 
presence of a small trace of impurity in the helium, but it could 
not have constituted more than I per cent, of the total volume 
of the gas. 

In the second series of experiments I employed liquid air, 
boiling under a pressure of 10 mm. of mercury. The helium 
was first confined under a pressure of 140 atmospheres, and then 
allowed to expand till the pressure fell to twenty atmospheres, or in 
some cases to one atmosphere The results of these experiments 
were also negative, the gas remained perfectly clear during the 
expansion, and not the slightest trace of liquid could be 
detected. The boiling point of liquid air was taken, from my 
previous determination, to be — 220° C. {Comfites rendus, 1885, 
p. 238). This number cannot, however, be taken as a constant, 
as the liquid air, boiling under reduced pressure, becomes 
gradually poorer in nitrogen. Further, the quantity of nitrogen 
lost by the liquid air on partial evaporation, varies not only with 
the rate of boiling, but even according to the manner in which 
it has been liquefied. 

If air, under high pressure, be cooled first to the temperature 
of boiling ethylene, and then to -- 150° C.. it liquefies, and, on 
reducing the pressure slowly, liquid air is obtained boiling under 
atmospheric pressure During the process a considerable 
quantity of the liquid air evaporates, and the proportion of 
nitrogen to oxygen in the remaining liquid is less than in air 
liquefied under high pressure. If the liquid air, obtained by this 
process, be made to boil under a pressure of io mm. of mercury, 
the proportion of nitrogen in the mixture continues to decrease, 
but, on account of the large quantity of oxygen present, the 
liquid does not solidify, although its temperature is some 6° 
below the freezing point of nitrogen. When, as in some of my 
former experiments, the air was liquefied under normal pressure, 
by means of liquid oxygen boiling under a pressure of 10 mm. of 
mercury, the ratio of nitrogen to the oxygen in the liquid air 
was the same as in the gaseous air from which it had been pro¬ 
duced. The liquid air, obtained by direct condensation at 
normal pressure, appeared to lose oxygen and nitrogen with about 
equal rapidity, and at the end of the experiment a considerable 
quantity of liquid nitrogen remained behind in the apparatus 
On reducing the pressure to 10 mm. of mercury the nitrogen 
solidified. Prof. Dewar has stated (Nature, February 6, 1896, 
p. 329) that liquid air solidifies as such, the solid product con¬ 
taining a slightly smaller percentage of nitrogen than is present 
in the atmosphere. My experiments have proved this statement 
to be incorrect ; liquid oxygen does not solidify even when 
boiling under a pressure of 2 mm. of mercury. 

After carrying these experiments to a successful conclusion. I 
found that it was yet necessary to prove that, on reducing the 
vapour pressure of boiling oxygen to a minimum, no correspond¬ 
ing fall of temperature takes place. The vessel, c , was partially 
filled with liquid oxygen, and, by means of a small syphon, a 
small quantity of the liquid was allowed to flow into the tube, a. 
The inner vessel, a, was then connected with the air-pump and 
manometer, and the pressure was reduced to 2 mm. of mercury. 
The oxygen remained liquid and quite clear. In a second 
experiment the temperature of the liquid oxygen, boiling under 
2 mm. of mercury pressure, was measured by means of a 
thermometer. The temperature indicated lay above - 220° C., a 
temperature easily arrived at by means of liquid air. I therefore 
concluded that liquid air was a much more efficient cooling agent 
than liquid oxygen, and that it would be quite unnecessary to 
make further experiments on the liquefaction of helium. 

In every single instance I have obtained negative results, and, 
as far as my experiments go, helium remains a permanent gas, 
and apparently much more difficult to liquefy than even 
hydrogen. The small quantity of the gas at my disposal, and, 
indeed, the extreme rarity of the minerals from which it is 
obtained, compelled me to carry out my investigation on a very 
small scale. Using a larger apparatus, and working at a much 
higher pressure, I could have submitted the gas to greater 
expansion. Further, I should have been able to measure the 
temperature of the gas at the moment of expansion by means of 
a platinum thermometer, as I did when working with hydrogen ; 
but to make such experiments I should have required 10, if not 
100 litres of the gas. As I was unable to determine the tern- 
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peraturesto vffiich I cooled the gas, by any experimental means, 
I have been obliged to calculate them from Laplace’s and 
Poisson’s formula ior the change of temperature in a gas during 
adiabatic expansion. 

T/T, = (//A)* - 

Where 

are the initial temperature and pressure of the gas. 

T],/i are the final temperature and pressure of the gas. 

k is the ratio ( cpjcv ) which, for a monatomic gas, is I '66. 

In the first series of experiments the gas, under a pressure of 
128 atmospheres, was cooled down to - 210° C. 
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The results of these calculations tend to show that the boiling- 
point of helium lies below - 264° C., at least 20° lower than the 
value I have found for the boiling-point of hydrogen. If the 
boiling-point of a gas be taken as a simple function of its density, 
helium, which, according to Prof. Ramsay’s determination, has a 
density 2'i33, more than double that of hydrogen, should liquefy 
at a much higher temperature. Both argon and helium have much 
lower boiling-points than might be expected, judging from their 
densities. This anomalous condition may be accounted for by 
the fact that in each case the molecular structure is monatomic, 
as shown by the values obtained for the ratios of their specific 
heats. 

The permanent character of helium might be taken advantage 
of in its application to the gas thermometer. The helium 
thermometer could be used to advantage in the determination of 
the critical temperature and boiling-point of hydrogen. To 
determine whether the hydrogen thermometer is of any value at 
temperatures below —198° C., I carried out a series of experi¬ 
ments, in which I measured the temperature of liquid oxygen 
boiling under reduced pressure. I made use of the identical 
thermometer tube employed by T. Estreicher {Phil. Mag. [5] 
40, 54, 1898) as a hydrogen thermometer for the same pur¬ 
pose, and applied the same corrections as were made in his 
experiments. 


Pressure. 


Temperature. 


Helium thermometer. ] Hydrogen thermometer. 


741 

24O 

9°‘4 

12 

9 


- i8°2-6C. 

- 191 -8 C. 

- 1987 C 

- 209-3 c. 

- 210-57 C. 


- i82'6 C. 

- 191*85 C. 

- 19875 C. 

- 209'2 C. 

- 2io'6 C. 


The results of these experiments prove that the coefficient of 
expansion of hydrogen does not change between these limits of 
temperature, and that the hydrogen thermometer is a perfectly 
trustworthy instrument even when employed to measure the 
very lowest temperatures. 

I have already pointed out ( Wied . Ann., Bd. xxxi. 869, 1887) 
that the gas thermometer can be used to measure temperatures 
which lie even below the critical point of the gas with which the 
instrument is filled. For instance, the critical temperature of 
hydrogen, which I have found to be — 234-5° C. {Wied. Ann., 
56, 133; Phil. Mag. [5] 40, 202, 1898) can be determined by 
means of a hydrogen thermometer. The helium thermometer 
could be used at much lower temperatures, and would probably 
give a more exact value for the boiling-point of hydrogen than 
it is possible to obtain by means of a platinum thermometer. 
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